






&RQWUROOLQJDQRQOLQHDUSURFHVV OLNH VXSHUFRQWLQXXPJHQHUDWLRQ 6*ZLWK WKHSRODUL]DWLRQ
VWDWHRIODVHULVDQLPSRUWDQWGHPRQVWUDWLRQRIODVHUVHOHFWLYLW\:HVKRZWKDWWKHWKUHVKROGIRU
6*DQGWKHWRWDODPRXQWRIVXSHUFRQWLQXXPJHQHUDWHGGHSHQGVRQLQFLGHQWODVHUSRODUL]DWLRQIRU
LVRWURSLFVDPSOHV ,UUHVSHFWLYHRI WKHQDWXUHRI WKHVDPSOHVFKRVHQ6*HIILFLHQF\GHFUHDVHV DV
WKH LQFLGHQW ODVHU SRODUL]DWLRQ FKDQJHV IURP OLQHDU WR FLUFXODU DQG WKXV SURYLGHV WKH ILUVW
H[SHULPHQWDOGHPRQVWUDWLRQRIWKHVXSSUHVVLRQRI6*ZLWKFLUFXODUO\SRODUL]HGOLJKW7KHUDWLRRI
WKH RYHUDOO 6* EHWZHHQ WKH OLQHDU DQG FLUFXODU SRODUL]DWLRQ LH PHDVXUH RI VXSSUHVVLRQ





2:KLWH OLJKW RU VXSHUFRQWLQXXP JHQHUDWLRQ 6* >@ LV D QRQOLQHDU SKHQRPHQRQ
WKDW RFFXUV ZKHQ WKH VSHFWUDO FRQWHQW RI D OLJKW SXOVH SDVVLQJ WKURXJK D PHGLXP
HVVHQWLDOO\H[SORGHVZKLOHUHPDLQLQJFRKHUHQWDWFHUWDLQKLJKLQWHQVLWLHV6*XVLQJVKRUW
ODVHU SXOVHV ≤ VHF KDV EHHQ H[WHQVLYHO\ XVHG LQ VSHFWURVFRS\ XOWUDIDVW SXOVH
JHQHUDWLRQ FRPSUHVVLRQ DQG DPSOLILFDWLRQ  'HVSLWH LWV ZLGHVSUHDG XVH WKHUH DUH




DV LQWHUSOD\RI VHYHUDOSURFHVVHV VXFK DV VHOISKDVHPRGXODWLRQ IRXUZDYHPL[LQJ DQG
PXOWLSKRWRQH[FLWDWLRQ03(HWF>@$UHFHQWVWXG\DOVRHYRNHVWKHEDQG
JDSRIWKHPDWHULDODVDQHFHVVDU\FRQGLWLRQIRU6*>@
7KLV SDSHU SURYLGHV QHZ LQVLJKW LQWR VXSHUFRQWLQXXP JHQHUDWLRQ 6* E\





GHSHQGHQW 7KLV LV WRRXUNQRZOHGJH WKH ILUVW UHSRUWRQ HOOLSWLFLW\GHSHQGHQFHRI WKH
WKUHVKROGDQGWKHHIILFLHQF\RI6*LQLVRWURSLFVDPSOHV/DVHUSRODUL]DWLRQWKXVHYROYHV
DV DQ LPSRUWDQW SDUDPHWHU IRU WKH FRQWURO RI WKH 6* SURFHVV  7KLV UHVXOW LV RI JUHDW
UHOHYDQFHFRQVLGHULQJWKHSUHVHQWWUHQGRIDSSOLFDWLRQVRI6*HLWKHULQLWVPRUHHIILFLHQW
JHQHUDWLRQRU LQ VXSSUHVVLRQ  ,Q IDFW VXSSUHVVLRQRI FRQWLQXXPJHQHUDWLRQ RU VLPLODU
QRQOLQHDU SURFHVVHV DUH HVSHFLDOO\ LPSRUWDQW LQ WKH GHYHORSPHQW RI SXOVHG RSWLFDO
3FRPPXQLFDWLRQVZKHUHWKHDPRXQWRILQWHQVLW\QHFHVVDU\IRUVLJQDOWUDQVPLVVLRQWKURXJK
XVHIXO ILEHU OHQJWKV LV RIWHQ HQRXJK WR JHQHUDWH QRQOLQHDU GLVWRUWLRQV  6XFK QRQOLQHDU
GLVWRUWLRQV KDSSHQ WR EH RQH RI WKH PDMRU ERWWOHQHFNV WRZDUGV WKH SUDFWLFDO
LPSOHPHQWDWLRQ RI 7HUDELWVHF GDWD WUDQVPLVVLRQ FDSDELOLW\ WKDW WKH SXOVHG RSWLFDO




RXU REVHUYHG UHVXOWV EDVHG RQ H[LVWLQJ PHFKDQLVPV IRU FRQWLQXXP JHQHUDWLRQ
3RODUL]DWLRQLVMXVWJDLQLQJPRUHDQGPRUHLPSRUWDQFHLQWKHFRQWUROFRPPXQLW\DVDQ
LPSRUWDQWSDUDPHWHUIRUFRQWUROOLQJOLJKWPDWWHULQWHUDFWLRQDQGWKHSUHVHQWZRUNVHUYHV
WREHDQ LPSRUWDQWGHPRQVWUDWLRQRI LWVDSSOLFDELOLW\ IRUDKLJKO\QRQOLQHDUSURFHVV OLNH
FRQWLQXXPJHQHUDWLRQ
:HFRQFHQWUDWHDWWHQWLRQRQWZRUHSUHVHQWDWLYH OLTXLGVZDWHUDQG&&OZKLFKKDYH
EHHQ H[WHQVLYHO\ XVHG IRU HIILFLHQW 6* >@  7KH WUDQVSDUHQF\ RI WKH PDWHULDO
XQGHU VWXG\ LV LPSRUWDQW DV LW HYDGHV WKH TXHVWLRQ RI GDPDJH DQG DEVRUSWLRQ RI WKH
LQFLGHQWDQGQHZZDYHOHQJWKVRI OLJKWWKDWDUHJHQHUDWHG :HKDYHDOVRFRQILUPHGWKDW
WKHTXDOLWDWLYHQDWXUH RIPRVW RI RXU UHVXOWV SUHVHQWHGKHUH KROG IRU RSWLFDO ILEHUV DQG
RWKHULVRWURSLFPHGLDOLNHIXVHGVLOLFD'2HWKDQROHWF2XUFKRLFHRI+2DQG&&ODV
UHSUHVHQWDWLYHVIRUWKLVSDSHUDUHEDVHGRQWKHIDFWWKDWWKH\DUHTXLWHGLIIHUHQWIURPHDFK
RWKHU VSHFWURVFRSLFDOO\ DQG LQ SURSHUWLHV OLNH+ERQGLQJ SRODUL]DELOLW\ EDQG JDS HWF
&RQVHTXHQWO\ WKH UHVXOWV SUHVHQWHG KHUH RQ SRODUL]DWLRQ GHSHQGHQFH RI 6* DUH
LQGHSHQGHQW RI WKH FKRLFH RI VDPSOH $OO 6* UHVXOWV UHSRUWHG LQ WKLV SDSHU SHUWDLQ WR
PHDVXUHPHQWV PDGH XVLQJ IV GXUDWLRQ ODVHU SXOVHV  +RZHYHU LW LV LPSRUWDQW WR
4PHQWLRQWKDWZHKDYHYHULILHGWKDWWKHJURVVSRODUL]DWLRQGHSHQGHQFHPHQWLRQHG LQ WKLV
SDSHUDOVRKROGVIRUSVODVHUSXOVHVDWQP
:H KDYH XVHG OLQHDUO\ SRODUL]HG LQFLGHQW SXOVHV IURP D FKLUSHG SXOVH DPSOLILHG
7L6DSSKLUH ODVHUIVQP+]UHSHWLWLRQUDWH LQFLGHQWRQWRDFPSDWK OHQJWK
FXYHWWH$TXDUWHUZDYHSODWHZDVXVHGWRYDU\WKHLQFLGHQWODVHUSRODUL]DWLRQIURPOLQHDU
WRFLUFXODU 7KH ODVHUSHDNSRZHUV !0:XVHG LQRXU H[SHULPHQWV DUH DERYH WKH
VHOIIRFXVVLQJWKUHVKROGVIRUERWKZDWHUDQG&&O+RZHYHUZHKDYHXVHGODUJHLQFLGHQW
ODVHU VSRWVL]HV PPGLDPHWHU DW WKH VDPSOH E\ SODFLQJ WKH FXYHWWH FPEHIRUH WKH
IRFDO VSRWRI WKH FP IRFXVVLQJ OHQV )LJXUH  &RQVHTXHQWO\ZHGRQRW VHH 6* WR
RFFXU XQWLO WKH VHOIIRFXVVLQJ SURFHVV EULQJV GRZQ WKH VSRWVL]H LQVLGH RXU VDPSOH WR
FHUWDLQ WKUHVKROG LQWHQVLWLHV  7KH W\SLFDO LQFLGHQW ODVHU LQWHQVLWLHV DW WKH LQSXW RI WKH
FXYHWWHXVHG LQ WKHVH H[SHULPHQWV DUH LQ WKH UDQJH × ² ×:FP PHDVXUHG
XVLQJ D FDOLEUDWHG SKRWRGLRGH 3' LQ )LJXUH   7KLV LQWHQVLW\ UDQJH ZDV FDUHIXOO\
FKRVHQWRUHDFKWKHWKUHVKROGIRU6*DWWKHORZHUHQGDVZHOODVWRPLQLPL]HKHDWLQJRU
RWKHUGDPDJHSUREOHPV HJ GLHOHFWULFEUHDNGRZQRIZDWHU!:FP >@ DWKLJKHU
LQWHQVLWLHV  7KH ODUJH ODVHU VSRW VL]H KDV EHHQ FKRVHQ WR PDNH VXUH WKDW WKH
VXSHUFRQWLQXXPFRQWULEXWLRQ LVRQO\ IURPWKHVDPSOHDQGQRW IURPFXYHWWHZDOORU DLU
:H FKHFNHG WKDW WKH RXWSXW SRODUL]DWLRQ RI WKH JHQHUDWHG VXSHUFRQWLQXXP IROORZV WKH
LQSXW ODVHU SRODUL]DWLRQ IRU ERWK WKH OLQHDU DQG FLUFXODU FDVHV E\ XVLQJ D EURDGEDQG
SRODUL]HUZLWKDQHIIHFWLYHUDQJHRIQP&DUHKDVEHHQWDNHQWRFROOHFWWKHHQWLUH
ZKLWHOLJKW WKURXJK LPDJLQJ OHQVHV HLWKHU LQWR D VLQJOHVKRW VSHFWURPHWHU IURP2FHDQ
2SWLFV ,QF RU RQWR D SXOVH SKRWRGLRGH 3' LQ )LJXUH  ZLWK PLQLPL]HG UHVLGXDO
IXQGDPHQWDO  7KLV ZDV GRQH E\ FXWWLQJRII PRVW RI WKH LQFLGHQW IXQGDPHQWDO ODVHU








DW ≈ QP FRUUHVSRQGLQJ WR FP 2+ VWUHWFKLQJ PRGH >@ LQ ERWK RI WKHVH
VSHFWUD  7KH RYHUDOO VSHFWUDO FRQWHQW RU VSUHDG RI WKH 6* IRU ERWK SRODUL]DWLRQV LV
TXDOLWDWLYHO\ VLPLODU RQO\ WKH LQWHQVLW\ RI WKH JHQHUDWHG ZDYHOHQJWKV LV SRODUL]DWLRQ
GHSHQGHQW 7KXVXQGHU WKHVHFRQGLWLRQV WKHUDWLRRI WKH6*EHWZHHQWKH OLQHDUO\DQG




7KHRYHUDOO 6*ZDVPHDVXUHG DV D IXQFWLRQRI WKH LQFLGHQW ODVHU LQWHQVLW\ZLWK WKH
KHOSRIDGXDO3'DUUDQJHPHQW)LJXUH,QWKLVVFKHPHRQHRIWKH3'VPRQLWRUVWKH
LQWHQVLW\RI WKH LQFLGHQW ODVHUZKLOH WKHRWKHU VLPXOWDQHRXVO\PHDVXUHV WKH WRWDO 6* IRU
HYHU\ODVHUVKRWDQGDVRIWZDUHGHYHORSHGLQRXUODELVXVHGWRFRUUHODWHHYHU\LQSXWSXOVH
WRWKHRXWSXWFRQWLQXXPSXOVH7KLVGXDO3'GDWDDFTXLVLWLRQVFKHPHHQDEOHVXVWRWDNH
LQWRDFFRXQWWKHSXOVHWRSXOVH LQWHQVLW\IOXFWXDWLRQV )LJXUHDVKRZVWKHSORWRI WRWDO
VXSHUFRQWLQXXPJHQHUDWHG,6*ZLWKUHVSHFWWRWKH LQFLGHQW ODVHU LQWHQVLW\,3IRUZDWHU
DQG&&O,WLVVHHQIURPILJXUHDWKDWWKHWKUHVKROGIRU6*LQ&&OLVPXFKORZHUWKDQ
WKDWRIZDWHUDQGDWDQ\JLYHQ,3WKH,6*IRU&&OLVDWOHDVWDQRUGHURIPDJQLWXGHKLJKHU




$V GLVFXVVHG HDUOLHU 6*SURFHVV LV WKHRUHWLFDOO\ XQGHUVWRRG E\ GLIIHUHQW DXWKRUV DV
03( HQKDQFHG 630 SURFHVV >@ IRXU ZDYH PL[LQJ SURFHVVHV >@ RU DYDODQFKH
LRQL]DWLRQ HQKDQFHG 630 >@  +RZHYHU RXU H[SHULPHQWDO FROOHFWLRQ SURFHGXUH
PLQLPL]HV WKH FRQWULEXWLRQ IURP WKH ZDYHOHQJWKV QHDU IXQGDPHQWDO ZKLFK LV PRVWO\
FKDUDFWHUL]HG E\ 630  $GGLWLRQDOO\ DV LQWHQVLWLHV LQFUHDVH 6* RFFXUV LQ D FRQLFDO
UDLQERZ OLNH HPLVVLRQ VXJJHVWLQJ IRXUZDYH PL[LQJ DV DQ LPSRUWDQW SURFHVV LQ RXU
SUHVHQWVHWXS7KHSUHVHQFHRI,QYHUVH5DPDQGLSDW≈QP)LJXUHDOVRVXJJHVWV
WKHSUHVHQFHRI5DPDQDFWLYLW\ DWKLJK LQWHQVLWLHV 7KXV LQRUGHU WRH[SODLQ WKHDERYH





WLPHVFDOHV ZKHUH RQO\ WKH QRQUHVRQDQW HOHFWURQLF PHFKDQLVP LV UHOHYDQW WKH OLQHDUO\








LQGHSHQGHQWRI WKHQDWXUHRI WKH LVRWURSLF VDPSOH )LJXUH $VH[SHFWHG WKHUH LVQR
GLIIHUHQFHLQ6*EHWZHHQULJKWDQGOHIWFLUFXODUSRODUL]DWLRQ+RZHYHULWLVLPSRUWDQWWR
QRWHWKHIODWWHQLQJLQ6*RYHUDVPDOOHOOLSWLFLW\UDQJHDIWHUWKHLQLWLDOULVHIURPFLUFXODU





RI WKH RYHUDOO 6* LV LQWHQVLW\ GHSHQGHQW  %H\RQG WKUHVKROGV IRU OLQHDU DQG FLUFXODU5
GHFUHDVHVIURPDYDOXHRI!ZLWKLQFUHDVLQJLQWHQVLWLHVWRUHDFKDQDV\PSWRWLFYDOXHRI
≈)LJEDOPRVWLQGHSHQGHQWRIWKHVDPSOHV7KHODUJHLQLWLDOYDOXHVRI5!DUH
GXH WR WKH ULVH RI WKH 6* IURP OLQHDU SRODUL]DWLRQ DORQH ZKLOH WKH WKUHVKROG IRU WKH
FLUFXODU SRODUL]DWLRQ LV \HW WR EH UHDFKHG  ,Q WKH WRWDO VXSHUFRQWLQXXP JHQHUDWHG ZH
H[SHFW FRQWULEXWLRQV IURP QRQOLQHDU SURFHVVHV OLNH &RKHUHQW $QWL6WRNHV 5DPDQ DQG
SDUDPHWULF IRXUSKRWRQ LQWHUDFWLRQV HWF DQG WKDW KDYH EHHQ SUHYLRXVO\ LQYRNHG LQ
H[SODLQLQJVXSHUFRQWLQXXPVWXGLHV>@(DFKRIWKHVHSURFHVVHVZRXOGKDYHLWVRZQ
FKDUDFWHULVWLFRQVHWFRQWULEXWLRQDQGLQWHQVLW\GHSHQGHQFHWKDWFDQXVXDOO\EHPRGHOHG
ZLWK DQ H[SRQHQWLDO JURZWK ,6* ∼ H[S>*•,S@ 7KH JDLQ IDFWRU * LQ WKH H[SRQHQWLDO LV
SURSRUWLRQDO WR WKH UHVSHFWLYH χ IRU HDFK SURFHVV DQG χ IRU OLQHDU SRODUL]DWLRQ LV





ZLWK DQ H[SRQHQWLDO JURZWKPRGHO WKDW XVHV LQWHQVLW\ GHSHQGHQW JDLQ  7KH IXQFWLRQDO
IRUP IRU WKH WRWDO VXSHUFRQWLQXXP JHQHUDWHG LV ,6* ,•H[S>*•,3,WK@ ZKHUH , LV WKH
EDFNJURXQG ,WK LV WKH WKUHVKROG IRU WKH RQVHW RI VXSHUFRQWLQXXP DQG WKH LQWHQVLW\







GHFUHDVHV ZLWK ,3 )LJXUH E  2XU XVH RI WKH LQWHQVLW\ GHSHQGHQW JDLQ SDUDPHWHU WR
H[SODLQ WKH FRXQWHULQWXLWLYH UDWLR GHFUHDVH FRXOG SHUKDSV EH MXVWLILHG E\ VLPXOWDQHRXV
RFFXUUHQFHRISURFHVVHVOLNH,QYHUVH5DPDQ6FDWWHULQJRUIUHTXHQF\FRQYHUVLRQ>@WKDW
PLJKWGHFUHDVH WKH6*JDLQZLWK LQWHQVLW\  ,Q RWKHUZRUGV DW KLJKHU LQWHQVLWLHV RWKHU
QRQOLQHDU FKDQQHOVRSHQ DQG WKLVGHSOHWHV HQHUJ\ IURP6* OHDGLQJ WR D VORZLQJRI WKH
LQLWLDOJURZWKUDWH
,Q FRQFOXVLRQ WKH UHVXOWVSUHVHQWHGKHUH VKRZ WKDW LQFLGHQW ODVHUSRODUL]DWLRQ LV DQ
LPSRUWDQW SDUDPHWHU WKDW FDQ EH XVHG WR FRQWURO WKH 6* SURFHVV  7KLV FRQWURO LV
9LPSRUWDQWFRQVLGHULQJWKHSUHVHQWWUHQGRIDSSOLFDWLRQVRI6*DVLQGLFDWHGHDUOLHUHLWKHU
LQ LWVPRUHHIILFLHQWJHQHUDWLRQRU LQVXSSUHVVLRQDVWKHFDVHPD\EH 7KHVXSSUHVVLRQ
REVHUYHG LQ FLUFXODU SRODUL]DWLRQ FRXOG OHDG WR VXSHULRU GDWD WUDQVIHU DQG WUDQVSRUW RI























































)LJXUH   ([SHULPHQWDO 6* VHWXS VKRZLQJ ERWK WKH FROOHFWLRQ WHFKQLTXHV VLQJOHVKRW
VSHFWUDPHDVXUHPHQWVDQGDGXDOSKRWRGLRGH3'3'PHDVXUHPHQWVFKHPH




 C ircular Polarized Input



















)LJXUH D 9DULDWLRQRIWRWDO6*LQWHQVLW\,6*ZLWK LQSXW ODVHU LQWHQVLW\,3  7KHVROLG
FXUYH UHSUHVHQWVD ILW WR WKHDFWXDOGDWDSRLQWVZLWK WKHPRGHODVGLVFXVVHG LQ WKH WH[W
7KHGDVKHG OLQHVVKRZWKH WKUHVKROGIRU WKHRQVHWRI VXSHUFRQWLQXXP 7KHHUURUEDUV
DUHVKRZQRQO\RQRQHGDWDVHWWRPDLQWDLQYLVXDOFODULW\DOORWKHUHUURUEDUVDUHVLPLODU
E 3ORWRI WKH UDWLRRI OLQHDU WRFLUFXODU DV D IXQFWLRQRI LQFLGHQW ODVHU LQWHQVLW\ 7KH
DFWXDOHUURUEDUVIRUWKHGDWDLVDOVRVKRZQRQWKHSORW7KHVROLGDQGGDVKHGFXUYHVDUH
WKHUDWLRVREWDLQHGEDVHGRQRXUPRGHOGLVFXVVHGLQWKHWH[W









































Ellipticity Parameter of the Incident Laser
CC
l 4 
Su
pe
rc
o
n
tiu
u
m
 (a
rb
.
 
u
n
its
)
 CCl4
0
50
100
150
H
2 O
 S
upe
rco
ntin
u
u
m
 (a
rb
.
 u
nits)
 H2O
)LJXUH7KHW\SLFDOHOOLSWLFLW\GHSHQGHQFHRI6*LQ&&ODQG+2DVDIXQFWLRQRIWKH
LQFLGHQWODVHUSRODUL]DWLRQ
